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(57) ABSTRACT

The invention relates to a tuneable AWG device for multi-
plexing and demultiplexing signals and to a method for tuning
said device. The inventive device is an integrated-optic device
which enables a signal made up of a plurality of signals
multiplexed by wavelength division to be injected through an
input port such as to obtain, at the output, a demultiplexed
signal with each component exiting via a different port. Ifthe
multiplexed signal is changed to another input port, the
demultiplexed signals appear at different ports, but always
according to a pre-determined relationship. The invention
makes it possible to tune the AWG device by using stationary
acoustic waves such that the acoustically excited optical
guides are excited by a linear acoustic wave.

21 Claims, 5 Drawing Sheets
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1
TUNEABLE AWG DEVICE FOR
MULTIPLEXING AND DEMULTIPLEXING
SIGNALS AND METHOD FOR TUNING SAID
DEVICE

The present patent application is a national phase applica-
tion of International Application No. PCT/ES2012/070335,
filed May 11, 2012.

OBIJECT OF THE INVENTION

The present invention relates to an AWG (Arrayed
Waveguide Grating) device. An AWG device is an integrated
optical device enabling the introduction of a signal consisting
of several signals multiplexed by wavelength division
through an input port so that a demultiplexed output signal is
obtained with each component exiting through a different
port.

If the multiplexed signal is changed to another input port,
the demultiplexed signals appear at different ports, but always
following an established order.

The present invention allows the tuning of the AWG device
using acoustic stationary waves so that the optical
waveguides acoustically excited are excited according to a
linear acoustic wave.

BACKGROUND OF THE INVENTION

As defined, the AWG device is an integrated optical device
that demultiplexes a composite signal such that once the
composite signal has been introduced into an input, the
demultiplexed signals are obtained at the multiple output
ports.

The output at which each of the demultiplexed signals is
obtained is determined by the AWG design.

Although a wavelength is the inverse of the frequency, and
therefore they are parameters that define the same properties,
throughout the description (unless otherwise specified) the
term frequency is reserved for acoustic signals and the term
wavelength for optical signals.

Describing the basic configuration of an AWG as known in
the prior art, it is formed by:

one or more input ports consisting of optical waveguides,

anumber of output ports consisting of optical waveguides,

a first optical coupler for optical input port mixing,

a second optical coupler for the mixing and output of
optical output ports,

a set of optical waveguides with increasing lengths con-
necting the first optical coupler to the second optical
coupler so as to enable the multiplexing/demultiplexing
of signals transmitted.

For the sake of simplicity, it is assumed that the AWG
device has a single input. The composite signal entering this
input is distributed by the first optical coupler over the entire
set of optical waveguides with increasing lengths.

The optical signal that travels through each of the guides
will reach the second optical coupler. Since each optical guide
has a different length, the route will also be different.

The set of optical waveguides with increasing lengths leads
to a selection of output ports depending on the frequency of
the optical signal due to a phenomenon of constructive inter-
ference that causes light to diffract in one port or another.

The fixed length set of guides with increasing lengths
means that the mode in which the outputs are distributed
depending on the input is already preset at the design stage
and that this distribution cannot change during operation.
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Ifinstead of a single input, the device comprises more than
one input, there is an output distribution for each input. How-
ever, the output distribution is also established during the
design stage and cannot change during operation.

For instance, if the multiplexed signal is introduced into
input port 1, the demultiplexed signal with a wavelength of A1
will exit through output port 1, signal A2 will exit through
output port 2, signal A3 will exit through output port 3, and so
on. But if the input port of the multiplexed signal is input port
2, the demultiplexed signal with a wavelength of A1 will exit
through output port 2, signal A2 will exit through output port
3, signal A3 will exit through output port 4 and so on. So, the
relationship between input and output remains preset.

One way to get around this limitation is to modify the
refractive index of optical waveguides along which the opti-
cal signal travels. This will modify the propagation conditions
of light inside the guides and AWG behaviour can change
during operation.

The prior art discloses proposals of technical solutions
aimed at modifying the refractive index to enable AWG tun-
ing.

In particular, the patent application with publication num-
ber US2002/0080715A1 describes and claims a first method
for refractive index variation by changing the temperature of
the guides.

While this method of varying the refractive index is fea-
sible, the temperature changes are not immediate and require
a long transition time. The thermal inertia prevents this
change from being almost instantaneous.

This very same application US2002/0080715A1 addresses
the possibility of using acoustic waves since they also modify
the refractive index. Although this solution is presented
generically and is even claimed, the application itself
acknowledges that is not feasible since it requires a constant
change rate. The patent application does not disclose a solu-
tion to this problem.

The present invention solves the above problem by estab-
lishing a particular mode of acoustic excitation on the optical
waveguides. The result is the tuning of the AWG whose
change response is almost instantaneous. The invention also
covers various configurations that result in particular devices
that benefit from the AWG tuning.

DESCRIPTION OF THE INVENTION

The present invention is an acoustically tuneable AWG.
The AWG according to the invention comprises:

one or more input ports consisting of optical waveguides,
These are the signal input ports (one signal, or several
signals in the event of various input ports), said signal
comprising several multiplexed signals by wavelength
division.

anumber of output ports consisting of optical waveguides,
Once the signal (or signals in the case of several input
ports) has been demultiplexed, each signal differentiated
from the others in its wavelength exits through a differ-
ent output. AWG tuning will make it possible to vary the
possible output signal distributions throughout the set of
output ports.

a first optical coupler for optical input port mixing.
This first optical coupler makes it possible to distribute
the input on different optical waveguides, which are
introduced further on.

a second optical coupler for the mixing and output of
optical output ports;
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the second optical coupler collects the signals distrib-
uted by the first optical coupler after travelling difterent
distances.

a set of optical waveguides with increasing lengths con-

necting the first optical coupler to the second optical
coupler so as to enable the multiplexing/demultiplexing
of signals transmitted,
This set of optical waveguides is a key factor for demul-
tiplexing because since they have varying lengths, the
beams travelling through one guide or another also have
varying path lengths.

Based on these elements, the invention further includes two

components:
an adapted support for surface acoustic wave transmission
for the acoustic excitation of:
either a set of optical waveguides connecting the first
and second optical coupler these being sorted by
increasing length, or

the optical waveguides of the input ports, the excitable
waveguides being spaced apart on the support.

at least one acoustic excitation transducer arranged on the
support for surface acoustic wave transmission.

The acoustic excitation transducer enables the emission of

a surface acoustic wave that propagates through the support.
This support has to be composed of a material favouring the
transmission of acoustic waves at the operating frequencies.
The waveguides which are situated on the support adapted for
the transmission of surface acoustic waves, preferably on the
support, will also be excited acoustically and thus its refrac-
tive index will vary with said acoustic excitation.

Since acoustic excitation can be carried out on the guides
connecting the first optical coupler and the second optical
coupler or on the guides at the AWG input, the technical rule
includes both possibilities. What is important is that during
the transmission of the composite signal, or already separated
in separate guides, acoustic excitation is performed on the
support via which the signal is propagated to allow proper
tuning.

Correct tuning is possible thanks to the solution covered by
claim 1 which requires the acoustic excitation transducer to
be adapted to excite with a transversal stationary acoustic
wave the optical waveguides arranged on the support such
that the acoustic wave, discretized at the cross sectional points
of the optical waveguides excited acoustically, is linearized.

References to a linear section in a function is to be con-
strued as a section where the behaviour is essentially linear
and therefore the degree of deviation is of the same order as
typical perturbations of the system.

Various ways of carrying out this technical solution are
considered, as described in detail in the description of
embodiments of the invention. The acoustic wave must be
stationary and must travel transversally to the optical
waveguides. The acoustic excitation transducer should be
such that it can generate an acoustic wave of these character-
istics because it has a dynamic range of sufficient response
and its situation leads to a transverse and stationary wave.
Thus the same acoustic wave sets a modified variation index
for all the guides while maintaining a ratio in the modified
refractive indices that allows proper tuning to be maintained.

The separation between the guides and the acoustic exci-
tation propagation transversely with regard to the acoustic
wave makes each guide observe a different point of the trans-
versal stationary acoustic wave. The condition that makes it
possible to maintain proper tuning is that the combination of
acoustic excitation modes and spatial distribution of said
guides results in a discretization of the acoustic wave such
that in said discretization the wave appears as linearized.
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According to embodiments of the invention, this objective
can be accomplished in three ways.

A first embodiment combines two superimposed acoustic
waves with different frequencies, one multiple of the other.
The sum of the two components results in a distorted wave
whose overall form at the discrete points set by the optical
waveguides is linearized. It is possible to use more than one
mode of vibration and in particular it is possible to make use
of'a Fourier series expansion of a triangular function to deter-
mine the amplitudes of each of the vibration modes of the
acoustic wave emitted by the transducer. The more the over-
lapping vibration modes, the greater is the approximation to a
triangular wave with linear behaviour.

This strategy is appropriate when the acoustic wavelength
is large enough such that the set of optical waveguides (i.e.,
the whole width of the guides) are in a section of increasing or
decreasing slope of the stationary acoustic wave that excites
them.

A second embodiment uses high frequencies, such that the
acoustic wavelengths are short compared to the guide spac-
ing. In this case at least two close frequency waves overlap, in
the form sin (f;x)+sin((f,+Af)x) with Af the frequency differ-
ence between them. In this case the resulting wave envelope is
a linearized wave at the points where the optical waveguides
are found.

A third embodiment uses a spatial distribution of optical
waveguides wherein the spacing between guides is uneven.
Given a uniform sinusoidal wave expressible in the form
y=sin(x) and a discretization in the variable “y”, this leads to
a non-uniform distribution of the variable “x” with x=arcsin
(v). Using a non-uniform distribution for waveguide separa-
tion following this strategy, that imposed by the function
x=arcsin (y) wherein X is a variable discretized in accordance
with a uniform grid, enables the optical guides to be excited
acoustically such that the behaviour of the acoustic wave is
shown (for optical waveguides) linearized. That is, if the
discretized function values of this form are represented in a
uniform grid, the representation of the function is linear.

An object of this invention include the particular configu-
rations given by the dependent claims 2 to 12 which are
considered included herein by reference.

Another object of this invention is an AWG device tuning
method according to claim 13, included by reference herein,
wherein the optical wave excitation only takes into account
what the optical waveguides observe of the acoustic wave
with which they are excited to change the refractive index.

An object of this invention includes the particular methods
established by the dependent claims 14 to 21 which are con-
sidered included herein by reference.

DESCRIPTION OF THE DRAWINGS

These and other characteristics and advantages of the
invention will become apparent from the following detailed
description of preferred embodiments, given only by way of
illustration and not limiting the scope of the invention, with
reference to the accompanying figures.

FIG. 1 This figure shows an embodiment of an AWG device
according to the invention wherein the acoustic excitation is
performed on the optical waveguides connecting the two
optical couplers.

FIG. 2 This figure shows a detail of the AWG device input
with a plurality of optical inputs. In this embodiment the
excitation is at the input by modulating the waveguides con-
necting two multi-mode type interferometers (MMI).

FIG. 3 This figure shows a triangular wave with a uniform
discretization.
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FIG. 4 This figure shows the superposition of two high and
close frequency waves in the form sin (f,x)+sin((f,+A)x)
which lead to a linearized envelope.

FIG. 5 This figure shows a sine wave with a discretization
according to a non-uniform distribution in the X axis such that
it results in a uniform discretization in the ordinate axis.

FIG. 6 This figure shows an example implementation of a
device shown schematically by a rectangle comprising a tune-
able AWG and which gives rise to an optical spectrum ana-
lyzer.

FIG. 7 This figure shows an AWG acting as a demultiplexer
of'a signal consisting of several multiplexed tributary signals.

FIG. 8 This figure shows a generalization of the example
shown in FIG. 7 wherein the optical input signal is arbitrary.

FIG. 9 This figure shows an AWG acting as a device that
enables the collation of sets of spectral bands.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a first embodiment of the invention. In this
embodiment, a multiplexed composite signal reaches a
switch (8) which enables the multiplexed signal to be injected
into the various optical inputs (3) available on a first optical
coupler (1).

This first optical coupler (1) distributes the input signal to
a set of optical waveguides (5) with increasing lengths
arranged between the first optical coupler (1) and a second
optical coupler (2).

The optical signals that reach the second optical coupler (2)
cover different distances thereby allowing through construc-
tive interference diffraction the separation of the input signal
in different output ports (4) located in the second optical
coupler (2).

This same FIG. 1 shows a plurality of photodetectors (9)
arranged in the output ports (4) of the second optical coupler
(2). These photodetectors (9) allow reading each of the sig-
nals already separated from the rest.

Although what has been described in this example so far
corresponds to a technical solution existing in the prior art,
the embodiment further comprises a support (6) for the opti-
cal waveguides (5) with increasing lengths which allows the
excitation of a surface acoustic wave. The acoustic wave that
propagates through this support (6) will acoustically excite
the waveguides (5). The acoustic excitation of the support (6)
is performed by means of an acoustic transducer (7). Gener-
ating an acoustic stationary wave to excite a support (6) for
the optical waveguides (3, 5) can be performed in any of the
embodiments or by combining two acoustic transducers (7)
facing each other with the support (6) in the middle or by
combining a transducer (7) and an acoustic wave reflection
element.

Regarding FIG. 1, for the sake of clarity, in order to observe
a constant spacing between waveguides (5) in the region
where they are excited acoustically, i.e. that such separation
does not vary, the figure shows how the waveguides describe
a curve to have different lengths but are parallel in the area of
the support (6).

The transducer (7) is capable of exciting the support (6) and
this in turn the waveguides (5) located on the support (6) so
that the refractive index of the waveguides is modified allow-
ing the AWG device tuning.

FIG. 2 shows a variant wherein the excitation is performed
on a set of waveguides that reach the input ports (3) and hence
the change in refractive index is caused in this area before
feeding the first optical coupler (1). It is known that a change
in the light input position (using a different input port) in the
optical coupler (1) results in a displacement of the wave-
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lengths in the different output ports. Said displacement is
proportional to the spatial variation in the input (proportional
to the number of changes in the input position). Thus, a
periodic scan in the signal injection in consecutive positions
at the input causes a spectral scan at the output ports. This can
be obtained by means of two multi-mode type interferometers
(MMI) connected by a set of acoustically modulated
waveguides that produce a change in the interference pattern
of the second MMI periodically displacing the positions of
constructive interference at the end of the MMI. In the con-
figuration shown in FIG. 2, the end of the second MMI cor-
responds with the optical coupler (1) input.

According to claim 1, the proper tuning of the AWG
through acoustic excitation is possible by establishing that the
acoustic stationary wave propagates transversally to the
waveguides, so that the acoustic wave, discretized at the
points of the cross-section to the acoustically excited optical
waveguides (3, 5) is linearized.

A cross section of the waveguides coincides with the direc-
tion of propagation of the acoustic wave. According to this
cross section, the intersection with the waveguides deter-
mines points which are the so-called discretization points.
Each guide receives a different excitation depending on its
position. What matters is which acoustic wave observes the
whole of the acoustically excited waveguides; and what they
observe is a discretized wave.

FIG. 3 shows a triangular wave. This triangular wave,
based on the Fourier expansion, is expressible by an infinite
sum of terms. The limit of the sum will be the triangular wave
with straight sections of a given slope. The function {(x) is
therefore expressible as: f(x)=2,_,"a, sin(f;x) wherein f;
denotes various frequencies multiple of the fundamental fre-
quency.

In this theoretical case where we have taken all the terms of
the summation, the wave perfectly reproduces the straight
sections. Thus, a discretization in the x-axis with uniform
spacing also results in a uniform discretization in the y-axis.
This is the situation shown in FIG. 3. In a practical case, it is
sufficient if the sections are approximated by a straight sec-
tion. Based on this we can take the acoustic wave consisting
of two superimposed sine waves, preferably taking the fre-
quencies and amplitudes according to the first two terms of
the Fourier series expansion. Adding more terms will improve
the linearization of the acoustic signal.

If the acoustic wave is linearized, the uniform distribution
Ax which is a constant separation between optical
waveguides (3, 5) will also have a linearized excitation.

FIG. 4 shows two high frequency acoustic waves so that the
wavelengths are comparable to the spacing between
waveguides. The top of the graph shows by means of rect-
angles the positions of the equally spaced optical waveguides
(3, 5). The two curves shown are the same acoustic wave at
two different times. In each case, the excitation is performed
by means of an acoustic wave which is formed by superim-
posing two adjacent frequency waves. This acoustic wave can
be expressed as sin (fyx)+sin((f,+Af)x) wherein Af is the
frequency ditference.

The graph of FIG. 4, as mentioned above, shows the same
acoustic stationary wave at two times. The envelope of the
wave is a straight section highlighted by abold dashed line. At
another point in time, the slope is different. Since the graph
shows two different times bold lines represent the straight
sections with differing slopes corresponding to each time
point.

With this acoustic excitation, the optical waveguides dis-
tributed along this linearized section will observe a linearized
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behaviour of the acoustic wave in accordance with the tech-
nical solution according to claim 1.

FIG. 5 shows another particular way of solving the prob-
lem. The acoustic wave is a sine wave, however, by suitably
selecting a non-uniform spatial distribution (for example,
according to the functional ratio x=arcsin(y)), the wave
observed by the set of waveguides corresponds to a linearized
acoustic excitation. Such linearized acoustic excitation is
because if the optical waveguides (3, 5) were redistributed
and evenly spaced, the discrete values observed by the optical
waveguides (3, 5) would represent a linear function.

The three strategies used to acoustically excite a set of
optical waveguides (3, 5) so that the guides receive a linear-
ized excitation can be combined, for example, by construct-
ing a partially linearized acoustic wave, which is applied to a
support (6) containing a non-uniform spacing distribution
between waveguides (3, 5) correcting the unlinearized part.
The result would still be a technical solution according to
claim 1.

This same strategy corresponds to the method claim 13
wherein the solution for AWG tuning is obtained by the
acoustic excitation mode combined with the spatial distribu-
tion of the waveguides such that the latter observe an acoustic
stationary wave, linearized at the spatial discretization points
determined by the positions of the waveguides.

A tuneable AWG enables various applications of interest.
Although the AWG does not essentially need to be acousti-
cally tuneable—it may be tuneable by other techniques—the
advantages of acoustic tuning allow devices integrating an
acoustically tuned AWG to have a very short response time
making such applications feasible.

Optical Spectrum Analyzer in Integrated Optics

An optical spectrum analyzer is an instrument which is
used for measuring the distribution of optical power depend-
ing on the wavelength of an optical signal. One of the key
parameters in this instrument is the spectral resolution band-
width, which is the precision with which the wavelength
measurement can be defined. This parameter is normally
user-configurable, so that the power distribution depending
onthe wavelength can be measured in more or less wide steps,
i.e. in larger or smaller resolution bandwidths respectively.

FIG. 6 shows a AWG tuner as described in FIG. 1 which has
been equipped with an integrated optical switch (8) with a
multiplexed input and a plurality of outputs connected to the
input ports (3) of the first optical coupler (1); and photode-
tectors (9) in the output ports (4) of the second optical coupler
2.

The optical switch (8) makes it possible to select an input
waveguide and in particular, each waveguide with a specific
guide width. For its part, the AWG allows tuning varying the
acoustic excitation. After selecting the input waveguide with
the optical switch (8), the AWG tuning varying the acoustic
excitation results in an optical spectrum analyzer. The reso-
Iution bandwidth of the spectrum analyzer is related, as
detailed in the following paragraph, with the thickness of the
input and output waveguides chosen, as well as with the
design of the AWG without tuning and also with the tuning
speed given by the frequency of the acoustic wave.

Detailed operation is as follows. Without applying acoustic
excitation, the response of the AWG is well known: the dif-
ferent wavelengths present in an input waveguide are distrib-
uted in the output guides. In detail, for each output guide there
is a range of wavelengths around a centre wavelength, of the
whole set present in the input guide. That range is larger or
smaller depending on the static design of the AWG, to be
precise, it depends equally on the configuration of the array
and on the width of the input and output waveguides in ques-
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tion. Applying an acoustic excitation makes it possible to
change the centre wavelength of the range of wavelengths
which, entering through a waveguide, is extracted by another.
Thus, firstly a pair of input and output guides is chosen, and
then the acoustic excitation is applied to the AWG. The result
is a scan of the optical spectrum present in the input guide,
collected in the output guide, with a resolution bandwidth
associated with the input and output guide, the design of the
AWG without tuning and the scanning speed given by the
acoustic wave frequency.

The operation thus described is achieved using a single
output waveguide to collect the entire spectrum of the input
signal using acoustic tuning. However, there may be cases
where the tuning range by means of an acoustic wave is not
sufficient to scan the whole spectrum using a single output
waveguide. Therefore the combined signal can be obtained,
by electronic post-processing, of the different output guides,
each collecting a portion of the spectrum of the input signal.
That is, each of the output waveguides provides a limited
portion of the spectrum of the input signal by running through
the entire tuning range available. So, if a larger portion of
available input spectrum needs to be obtained at the output,
the output portions of all available outputs would be collected
and assembled by post-processing, rebuilding the combined
signal of all of them. This is possible because the spectrum
provided by an output with certain tuning is close to or even
overlaps the spectrum provided by another output in the pres-
ence of different tuning.

A Digital Signal Demultiplexer

A digital signal demultiplexer is a device which, taking an
input signal, makes it possible to separate parts thereof in
multiple outputs corresponding to different time intervals.
Thus, if the input signal is composed of a combination of
signals interspersed (multiplexed) in time, the demultiplexer
separates each one in different outputs.

FIG. 7 shows an acoustically tuneable AWG through a
SAW (Surface Acoustic Wave). In this case there are control
means (not shown in the figure) that determine the fundamen-
tal frequency of the acoustic wave f,,,, depending on the base
bitrate T, (f,,,,=1/T,) of the digital signal entering at the left
of the AWG, i.e. through its input (3) (the positional refer-
ences are as shown in the figure).

Two graphs are shown to the left of the figure. Graph (a)
schematically shows a pulse train indicating that the digital
signal consists of a set of tributary signals. Different line
patterns are used to distinguish the different tributary signals
that form the digital signal. This same figure shows graph (b)
with the evolution over time of sections of the slope of a
triangular acoustic stationary wave at different times. A rela-
tionship of synchrony between the tributary signals and the
acoustic wave is established, so that for each tributary signal
the acoustic wave will show a different slope so each output
will take place at a different output port (4) of the AWG.

If the optical digital signal entering the AWG comprises
several tributary signals multiplexed in time with a base bit
rate T,, the control means for said synchrony establish a
fundamental frequency of the acoustic wave f,,, =1/T,.

The figure shows how the multiplexed signals are demul-
tiplexed since each tributary signal comes from a different
output port (4). This device thus formed is also a serial to
parallel converter because data serially inserted into data sets
can be separated from a digital signal (as many data units as
output ports (4) are used for the separation) and can be trans-
mitted in parallel.

FIG. 8 shows a generalization of this application. In this
case the optical input signal is arbitrary. The AWG device
with SAW acoustic signal defined with a fundamental fre-
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quency f,,,=1/T, provides samples in the time domain of the
optical input signal in the different outputs at a rate equal to
the fundamental frequency of SAW. Here the base rate has
been called T,. That is, FIG. 8 shows a tuneable AWG able to
decompose an arbitrary input signal in many outputs, each
representing the input signal decomposed into samples of the
signal for different time points (as many time points as out-
puts within the period T,).

Digital Channel Exchanger

A digital channel exchanger is a device whereby it is pos-
sible, given N input signals (each called ‘aggregate’), each
composed of several multiplexed signals (each signal within
an aggregate is a tributary signal), to transfer tributaries from
one aggregate to another, providing N aggregates to the out-
put, the individual composition of each output aggregate
being different from the input aggregates, in some of the
tributaries. Specifically, for example, a digital channel
exchanger that uses two input aggregates (aggregate ‘S, and
aggregate ‘S,’), each in turn with two tributaries (S, ,, S,,
S, S5,), would be used to transfer a tributary from aggregate
‘S,” to ‘S, and vice versa. Thus, as an example, aggregate
S,’ would result in the tributaries S, , and S,,, and aggregate
‘S,’ in the tributaries S, , and S ;.

This embodiment uses an AWG comprising at least two
optical inputs (3) and two optical outputs (4) whereby spectral
bands can be interspersed. This embodiment is represented
schematically in FIG. 9 for the particular case of two inputs
and two outputs (called AWG 2x2), the concept being easily
extendable to N inputs and N outputs (generally referred to as
AWG NxN).

The AWG used in this configuration must be a cyclic spec-
tral response design. The periodicity of the AWG response is
previously described given its relevance in this particular
case. Between an input guide listed as ‘p” and an outlet guide
listed as ‘q’, of an AWG there is more than one wavelength
passband, passband meaning a centre wavelength and a wave-
length range around it. The distance between two passbands
is known as the free spectral range of the AWG bands, or free
spectral range. The AWG response taking as input the same
input guide ‘p’, but using a new output guide, adjacent to the
previous one, and therefore listed as ‘q+1°, is also periodic the
same as the previous one, but the spectrum position is dis-
placed in a known amount in the AWG as spectral separation
between channels.

The AWG configuration required for the implementation
of FIG. 9 is based on design-setting the free spectral range
exactly N times, wherein N is the number of output guides,
the spectral separation between the channels. Thus, for a fixed
input guide, successively selecting each output guide, it is
possible to scan the entire free spectral range, so that there are
no zones of the spectrum of the input signal not extractable by
any one of the output guides through the AWG.

According to this embodiment, an AWG 2x2 is used (listing
the input and output ports as p=1.2 and q=1.2 respectively)
designed to have cyclic spectral response as discussed above.
Two digital input signals are used S, S,) (S, inp=1 and S, in
p=2) wherein in turn each has two multiplexed tributary sig-
nals (S;,and S,,in S;;S,,and S,, inS,). Both S, and S, are
optical signals with the same optical wavelength A,,. Without
applying acoustic tuning, said wavelength A, takes S, of p=1
to q=1 and takes S, of p=2 to q=2. When applying acoustic
tuning, S, goes from p=1to =2 and S, from p=2to g=1. Ifan
acoustic wave excitation is applied whose fundamental fre-
quency is synchronous with the bit rate of the tributaries, one
of'the tributary signals of S, (S, ,) appears in an optical output
port (4) (q=1) and the other (S, ) in the other optical output
(4) (q=2). Forthe signal S,,, S, , appearsinq=2, but S,, inq=1.
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This is because the acoustic wave excitation in this case
causes a displacement in the wavelength of the multiple pass-
bands of the response, so that, under acoustic excitation A, is
now a route between p=1 and q=2 and between p=2 and q=1.
This is possible provided that the AWG design without tuning
is cyclic as detailed above, and provided that the acoustic
excitation produces a wavelength displacement equal to the
free spectral range (in this embodiment it coincides with the
channel spacing).

Similarly, when input S2 is in the second optical input port
(3) the tributary signals appear separated in the same way but
in interchanged optical output ports (4). In this case different
patterns have been used for the lines that represent data with
digital signal pulses (S1, S2) that identify at the output how
intermixing occurs. Also, arrows with the tip filled or empty
are used to indicate the direction of each set of signals accord-
ing to the slope of the exciter acoustic wave shown in the
graph under the drawing (S1, S2). In this graph of the acoustic
wave, the filled or empty arrow indicates whether the slope is
one or the other identifying if this acoustic excitation causes
a change of the optical output port (4) or not respectively.

This configuration is combined with a SAW wave operat-
ing at a base bit rate 1/T,, wherein T, is the period where the
two tributary signals are mixed, resulting in a temporary
switch wherein one of the tributary signals multiplexed in
signal 1 is exchanged with another in signal 2.

The invention claimed is:

1. A tunable AWG (Arrayed Waveguide Grating) device for
signal multiplexing and demultiplexing comprising:

one or more input ports consisting of optical waveguides,

aplurality of output ports consisting of optical waveguides,

a first optical coupler for optical input port mixing,

a second optical coupler for the mixing and output of
optical output ports,

a set of optical waveguides with increasing lengths con-
necting the first optical coupler to the second optical
coupler so as to enable the multiplexing/demultiplexing
of signals transmitted,

the tunable AWG device comprising:

an adapted support for surface acoustic wave transmission
for the acoustic excitation of either:

a set of optical waveguides connecting the first and sec-
ond optical coupler (these being sorted by increasing
length, or

the optical waveguides of the input ports, the excitable
waveguides being spaced apart on the support, and

at least one acoustic excitation transducer arranged on the
support for surface acoustic wave transmission,

wherein said acoustic excitation transducer is adapted to
excite an acoustic standing wave transversal to the opti-
cal waveguides arranged on the support such that the
acoustic wave, discretized at the points of the cross
section of the acoustically excited optical waveguides is
linearized.

2. The device of claim 1 wherein the acoustic excitation
transducer is adapted to operate with at least two sine signals
wherein the first sine signal has a fundamental frequency f,,
and the second sine signal has a frequency multiple of the
fundamental f,; and wherein the acoustic wavelength corre-
sponding to the fundamental frequency f, is substantially
greater than the spacing between guides.

3. The device of claim 2, wherein the acoustic excitation
transducer is adapted to operate at different frequencies and
multiple of the fundamental frequency f,,.

4. The device of either one of claim 2 or 3 wherein the
amplitudes of the acoustic sine signals of the transducer are
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determined by the first coefficients of the Fourier series
expansion of a triangular periodic signal.

5. The device of claim 1 wherein the transducer of acoustic
excitation is adapted to operate with sine signals in the form
sin (fyx)+sin((f,+Af)x) wherein {; is the difference and Af the
frequency difference, so that the envelope of the resulting
acoustic signal is a periodic signal with increasing and
decreasing straight sections; and wherein at least one of the
straight sections is substantially larger than the entire width of
all the waveguides acoustically excited.

6. The device of claim 1 wherein the distribution of the
spacing between the waveguides acoustically excited is non-
uniform such that the wave observed in operating mode by the
set of guides corresponds to a linearized acoustic excitation.

7. The device of claim 1 wherein the support is adapted for
transmitting surface acoustic waves is the assembly support-
ing optical guides connecting the first and second optical
coupler.

8. The device of claim 1 wherein the support is adapted for
surface acoustic wave transmission is the support of the opti-
cal waveguides arranged at the input of the first optical cou-
pler.

9. The device of claim 8 wherein the acoustic wave trans-
mission acts on a set of Mach-Zehnder interferometers (MZI)
or Multi-mode type interferometers (MMI).

10. The device of claim 1 further comprising:

an integrated optical switch with a multiplexed input and a

plurality of outputs connected to the input ports of the
first optical coupler; and

photodetectors in the output ports of the second optical

coupler for the scanning of the input spectrum.
11. A device according for the demultiplexing of an optical
digital signal comprising a plurality of tributary signals mul-
tiplexed in time with a base bit rate T,, wherein the device
comprises:
at least one optical input port and a number of optical
output ports coinciding with the number of tributary
signals multiplexed in time in the input signal; and,

control means adapted for the generation of an acoustic
wave (SAW) that excites the AWG in a triangular form
suchthat f_, =1/T, wherein f,,, is the fundamental fre-
quency of the acoustic wave.

12. The device of claim 11 wherein the number of inputs
and outputs is two.

13. A method for tuning a tunable AWG device for multi-
plexing and demultiplexing signals, the method comprising:

providing one or more input ports consisting of optical

waveguides,

providing a plurality of output ports consisting of optical

waveguides,

providing a first optical coupler for optical input port mix-

ing,

providing a second optical coupler for the mixing and

output of optical output ports,

providing a set of optical waveguides with increasing

lengths connecting the first optical coupler with the sec-
ond optical coupler so as to enable the multiplexing/
demultiplexing of signals transmitted,

providing a support adapted for surface acoustic wave

transmission for the acoustic excitation of:

either a set of optical waveguides connecting the first
and second optical coupler these being sorted by
increasing length, or

the optical waveguides of the input ports; the excitable
waveguides being spaced apart on the support,

wherein a standing acoustic excitation is provided on the
support adapted for transmitting surface acoustic waves
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such that the acoustic standing wave is transverse to the
guides arranged on the support and both the configura-
tion of the acoustic wave and the spatial distribution of
the acoustically excited guides are such that the acoustic
wave discretized in points of the cross section of the
acoustically excited optical waveguides is linearized.

14. The method of claim 13, wherein the acoustic wave
used in the acoustic excitation is linearized by combining two
or more acoustic sine waves, with frequencies multiple of a
fundamental frequency, superposed so that their amplitudes
are selected according to the first coefficients of the Fourier
series expansion of the function to be linearized.

15. The method of claim 13, wherein the acoustic wave
used in acoustic excitation is linearized by combining two or
more acoustic sine waves in the form sin (f,x)+sin((f,+Af)x)
wherein {, the frequency and Af the frequency difference, so
that the envelope of the resulting wave is linearized.

16. The method of claim 13, wherein the distribution of
spacing between the acoustically excited waveguides is non-
uniform so that a sine wave is discretized as a linearized wave
in a uniform discretization.

17. The method of claim 13 wherein the acoustic wave is
linearized and the acoustically excited waveguides are
arranged according to a non-uniform spacing distribution
according to claim 16 to linearize those sections of the acous-
tic wave that require linearization.

18. A method for scanning the input signal spectrum using
a tunable AWG device, the method comprising:

providing one or more input ports consisting of optical

waveguides,

providing a plurality of output ports consisting of optical

waveguides,

providing a first optical coupler for optical input port mix-

ing,

providing a second optical coupler for the mixing and

output of optical output ports,

providing a set of optical waveguides with increasing

lengths connecting the first optical coupler with the sec-
ond optical coupler so as to enable the multiplexing/
demultiplexing of signals transmitted,

providing a support adapted for surface acoustic wave

transmission for the acoustic excitation of:

either a set of optical waveguides connecting the first
and second optical coupler these being sorted by
increasing length, or

the optical waveguides of the input ports; the excitable
waveguides being spaced apart on the support,

wherein a standing acoustic excitation is provided on the

support adapted for transmitting surface acoustic waves

such that the acoustic standing wave is transverse to the

guides arranged on the support and both the configura-

tion of the acoustic wave and the spatial distribution of

the acoustically excited guides are such that the acoustic

wave discretized in points of the cross section of the

acoustically excited optical waveguides is linearized,

and additionally providing:

an integrated optical switch with a multiplexed input and
a plurality of outputs connected to the input ports of
the first optical coupler; and,

photodetectors at the output ports of the second optical
coupler such that the various inputs are sampled
wherein each input is tuned to scan the input spec-
trum.

19. A method for demultiplexing an optical digital signal
comprising a plurality of tributary signals multiplexed in time
of'a base bit rate T, using a tunable AWG device, said AWG
device comprising at least an optical input port and a number
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of'optical output ports coinciding with the number of tributary
signals multiplexed in time in the input signal, wherein the
AWG is operative to generate an acoustic wave (SAW) that
excites the AWG in a triangular form such that £, =1/T,
wherein f,,,, is the fundamental frequency of the acoustic
wave to result in the separation of each tributary signal
through a different output port.

20. A method of optical signal sampling using a tunable
AWG device, said tunable AWG device comprising at least
one optical input port and a number of optical output ports,
wherein the tunable AWG device is operative to generate an
acoustic wave (SAW) that excites the AWG in a triangular
form such that £, =1/T, wherein f_,, is the fundamental
frequency of the acoustic wave to result in the separation in
different output ports of samples taken over a period of time
T,.
21. A method of spectral band interspersion between two
lines carrying the respective signals S1 and S2, each carrying
two tributary signals multiplexed in time with a base bit rate
T,; said spectral band interspersion being carried out using a
tunable AWG device, said tunable AWG device comprising
two optical input ports and two optical output ports, wherein:

the tunable AWG device has a cyclical design,

the acoustic excitation produces a displacement in wave-

length equal to the free spectral range, and

an acoustic wave (SAW) is generated that excites the AWG

in a triangular form such that £, ,, =1/T, wherein f_,,, is
the fundamental frequency of the acoustic wave to result
in a temporal switch place wherein one tributary signals
multiplexed in the signal S, is exchanged for another

tributary signal of the signal S,.
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